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Description 

Background of the invention 

Field of the Invention 

The present invention relates to apparatus for 
mixing two or more gas streams and distributing 
the gas mixture to the input of a reactor, for exam- 
ple, mixing a gaseous hydrocarbon feedstock with 
an oxygen-containing gas and feeding the mixture 
to a catalytic reactor for partial oxidation of the 
feedstock. 

Description of the Prior Art 

Partial oxidation catalytic reactors are useful for 
reforming hydrocarbons by reacting a gaseous 
mixture of the hydrocarbon, which may be a hy- 
drocarbon gas or a vaporized liquid hydrocarbon, 
and an oxidant which may be steam, oxygen, air, 
or a mixture thereof to form a product including 
hydrogen, methane, carbon dioxide and carbon 
monoxide. The product stream can be used as a 
fuel and/or can be used as a basic feedstock for 
the production of hydrogen or carbon monoxide or 
for the synthesis of one or more products such as 
ammonia, methanol, carbonylated compounds, hy- 
drogenated compounds, etc. 

In the mixing and feeding of the gaseous reac- 
tants to such reactors, the prior art has long recog- 
nized the need for complete mixing of the gaseous 
reactants as well as the need for preventing flash- 
back of a flame from the reaction chamber into the 
mixing chamber. Failure to produce complete mix- 
ing reduces the quality of the product which then 
would include excessive completely oxidized com- 
ponents, unoxidized components and free carbon 
which produces undesirable carbon deposits. 
Flashback causes similar results and, in addition, 
can cause heat damage to mixing and distributing 
equipment. 

One prior art technique for eliminating flash- 
back is to interpose a distributor having one or 
more restricted passageways between the mixing 
chamber and the reaction chamber. The gas mix- 
ture must flow through the restricted passageway 
or passageways at a velocity exceeding the flash- 
back velocity, i.e., the velocity at which a flame can 
advance in the combustible mixture from reaction 
chamber to the mixing chamber. This type of distri- 
butor also recognizes the importance of providing a 
gradual enlarging of the cross-sectional area from 
the narrow throat or restricted passageway to the 
entrance of the reaction chamber in order to re- 
duce to a minimum swirling or vortex formation of 
the flow at the reactor entrance which would pro- 
mote flashback. In devices having a distributor in- 
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terposed between a mixing chamber and a reaction 
chamber, the mixing chamber can contain an ex- 
plosive mixture and a drop in input or output flows 
could result in damage. 

5 In one prior art apparatus disclosed in U.S. 

Patent 3,871,838, there is shown a device for re- 
forming gasoline into a higher octane gaseous fuel 
wherein a plurality of tubes with a plurality of 
openings are arranged across the entire cross- 

/o section of the flow of vaporized gas for mixing 
oxygen therewith and for forming narrowed pas- 
sageways. Baffles formed as part of the walls of 
the tubes have plane surfaces and gradually en- 
large the narrowed passageways in the direction of 

75 the reactor. Although this and other prior art de- 
vices are disclosed as being suitable for providing 
increased octane fuel for an automobile combus- 
tion engine which burns cleaner and produces less 
pollution, such apparatus generally is not suitable 

20 for large scale hydrocarbon conversion such as 
may be associated with relatively large scale petro- 
leum refining or synthetic gas-producing installa- 
tions. 

25 SUMMARY OF THE INVENTION 

The invention is summarized in a gas mixer 
and distributor for feeding a gaseous reaction mix- 
ture to a reactor wherein the mixer and distributor 

30 has first and second chambers into which respec- 
tive first and second respective gaseous reactants 
are fed and wherein the second chamber is inter- 
posed between the first chamber and an entrance 
of the reactor and there are included enclosed 

35 walls, such as tubes or channels, forming a plural- 
ity of narrow passageways extending from the first 
chamber through the second chamber for conduct- 
ing streams of the first gas to the reactor and with 
orifices formed in the walls of the narrow passage- 

40 ways for providing streams of the second gas for 
being mixed within the passageways with the first 
gaseous reactant, the streams through the pas- 
sageways being turbulent and at a velocity exceed- 
ing a flashback velocity of the mixture. The narrow 

45 passageways have first sections of uniform cross- 
section with first ends communicating with the first 
chamber and have second sections of gradually 
increasing cross-section communicating between 
the second end of the first section and the reactor, 

so with the orifices being positioned within the first 
sections spaced from the second ends of the first 
passageway sections by a distance sufficient to 
insure substantial complete mixing of the first and 
second gaseous reactants within the first passage- 

55 way sections, prior to entering the second pas- 
sageway sections. 

An object of the invention is to construct a gas 
mixer and distributor for a reactor with reduced 
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under and over reacted product portions and re- 
duced undesirable byproducts. 

Another object of the invention is to increase 
reactor yield by improving the uniformity and com- 
pleteness of mixing of the reactor Input. 

One feature of the invention is the provision of 
a plurality of narrow passageways having elongated 
straight throat sections wherein gaseous reactants 
are combined and wherein the gaseous velocity 
exceeds the flashback velocity together with being 
turbulent to substantially mix the reactant gases 
within the straight sections. 

Another feature of the invention is the provision 
of a plurality of straight, narrow passageway sec- 
tions with injection of second gas streams through 
side wall orifices to produce turbulent flow at a 
velocity greater than the flashback velocity for a 
distance in the straight, narrow passageway sec- 
tions between the orifices and exit points of the 
straight, narrow passageway sections equal to or 
greater than that resulting in substantial complete 
mixing of the gases. 

Other objects, advantages and features of the 
invention will be apparent from the following de- 
scription of the preferred embodiments taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an elevated cross-section view of a 
reactor having at its input a mixer and distributor in 
accordance with the invention. 

Fig. 2 is an enlarged elevational cross-section 
view of a broken-away portion of the mixer and 
distributor of Fig. 1 . 

Fig. 3 is a top view of a broken-away quarter 
sector of the mixer and distributor of Fig. 1. 

Fig. 4 is a bottom view of a broken-away 
quarter section of the mixer and distributor of Fig. 
1. 

Fig. 5 is a diagrammatic elevational cross-sec- 
tional illustration of a broken-away portion of the 
mixer and feeder of Figs. 1 and 2 showing critical 
dimensions. 

Fig. 6 is a bottom view similar to Fig. 4 but of a 
modified distributor structure. 

Fig. 7 is an enlarged elevational cross-sectional 
view similar to Fig. 2 but of a modified mixer and 
distributor. 

Fig. 8 is an elevational cross-sectional view of 
a broken-away portion of a reactor with a further 
modified mixer and distributor input in accordance 
with the invention. 

Fig. 9 is a top view of a broken-away quarter 
sector of a mixer and distributor in Fig. 8. 

Fig. 10 is an enlarged elevational view of a 
portion of the mixer and distributor of Fig. 8. 

Fig. 11 is a cross-sectional view of a modified 



tubular element of Fig. 10. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

5 

As shown in Fig. 1 , a reactor for partially oxi- 
dizing a gaseous feedstock includes an input mix- 
ing and distributor section indicated generally at 30 
in accordance with the present invention. The mix- 

10 er and distributor 30 mixes the feedstock with an 
oxidant and distributes the mixture to the entrance 
of a catalytic reactor section indicated generally at 
32 wherein the feedstock is partially oxidized or 
reformed to produce a product which is then 

75 passed through the exit section indicated generally 
at 34. The feedstock may be a hydrocarbon gas or 
a vaporized hydrocarbon liquid which is to undergo 
conversion. The oxidant is an oxygen-rich gas 
stream which may be substantially pure oxygen, air 

20 or oxygen enriched air. Steam may be included in 
the hydrocarbon feedstock and/or the gaseous ox- 
idant stream. The mixer and distributor is suitable 
for use in a reactor performing the process as 
described in our copending European patent ap- 

25 plication EP-A 303438 (which claims priority from 
U.S. Patent Application No. 085160 filed on 14th 
August 1987) filed on even date herewith. 

The mixer and distributor 30 can be employed 
in many types of reactors, in addition to the dis- 

30 closed example of a catalytic partial oxidation reac- 
tor for a raw hydrocarbon stream, which require 
uniformity and thorough mixing of two or more 
gaseous reactants being fed to a reaction chamber. 
It is particularly suitable for exothermic reactions 

35 where it is desired to perform the reaction in a 
controlled manner within a catalyst. Examples of 
other reactors include those employed in autother- 
mal reforming or secondary reforming to produce 
products such as ammonia, methanol, synthesis 

40 gas, etc. The reactor includes an outer shell 40 of 
structural metal such as carbon steel with a top 42 
secured thereon by bolts (not shown) or the like. A 
layer 44 of insulation, such as 2300 "F (1260*C) 
BPCF ceramic fibre insulation, is secured to the 

45 inside of the upper portion of the shell 40 including 
the top 42. In the lower portion of the mixing 
section 30 in the reactor section 32 and outlet 
section 34, there are secured layers 46, 48 and 50 
on the inside of the shell. The layer 46 is a casta- 

so ble or equivalent insulation such as low iron high 
purity 2000 *F (1090 *C) ceramic insulation. The 
layer 48 is also a castable or equivalent layer of 
insulation but containing 60% alumina for with- 
standing 3000 *F (1650'C). The internal layer 50 

55 is a refractory or equivalent layer such as at least 
97% alumina with ceramic anchors or at least 97% 
alumina brick for withstanding the interior environ- 
ment of the reactor section. 
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Additionally, in order to prevent diffusing of 
reactants and consequently combustion within the 
refractory layer, a non-porous metal alloy sheath 
may be provided on the inside of the refractory 
between the refractory wall and the catalyst bed 
54. 

The reactor section 32 has a stack of commer- 
cial monolithic catalyst discs 54 separated by high 
alumina rings 58 between each adjacent pair of 
discs. The stack is supported by a grill with high 
alumina bars 56. The catalyst material is selected 
in accordance with the reaction being performed. 
For partial oxidation reactions, platinum-palladium 
catalyst materials rhodium catalyst materials, other 
high surface area catalyst materials such as alu- 
mina or catalyst materials employed in catalytic 
converters of automobile exhaust systems are suit- 
able. One disclosure of suitable catalyst materials 
is found in U.S. Patent No. 4,522,894 for a catalyst 
used in a first catalyst bed for partial oxidation. 

A port 60 is formed in the lower end of the 
reaction section and has a tube 62 extending below 
the bottom refractory disc 54 for measuring tem- 
perature or withdrawing samples of the product. 

The outlet section 34 is suitably formed for 
being connected to a downstream heat recovery 
boiler (not shown) and/or other processing equip- 
ment. 

In the input section 30 a first inlet 66, ported 
centrally through the top 42 communicates to an 
upper feed cone 68, or optional to interior of the 
upper portion of the vessel 40, which forms a first 
chamber. The cone 68 is fastened by supports 69 
in the top 42. Second inlets 70 extend throngh side 
ports of the shell 40 and communicate to a second 
chamber 72 which is interposed between the upper 
chamber 68 and the inlet of the catalyst reaction 
section 32. A ring 73 mounted on the central por- 
tion of an upper wall 75 of the chamber 72 sealin- 
gly engages the lower edge of the cone 68 so that 
the wall 75 forms a common wall between the 
upper chamber 68 and lower chamber 72. The 
chamber 72 has an upper outer annular portion 74, 
see also Figs. 2 and 3, which is supported on the 
top surface of the refractory layer 50 or anchored 
to the shell 40. A lower portion of the chamber 72 
has a tubular wall 76 which extends downward in 
the refractory sleeve 50. The bottom of the wall 76 
is formed by a cast member 78. 

A plurality of elongated tubes 80 have upper 
ends which are mounted in the upper wall 75 of the 
chamber 72 with the lumens of the tubes at the 
upper end communicating with the upper chamber 
68. The bottom ends of the tubes 80 are secured 
to the member 78 with the lumens of the tubes 
communicating with the upper ends of passage- 
ways 84 formed vertically through the member 78. 
Orifices 86 are formed in the walls of the tubes 80 



for directing streams of gas from the chamber 72 
into the lumens of the tubes 80. 

The inlets 66 and 70, the cone 68, the supports 
69 are formed from a conventional corrosion and 

5 heat resistant metal, such as stainless steel or high 
temperature alloy, while the chamber 72, tubes 80 
and member 78 are formed from a conventional 
high temperature alloy such as Hastalloy X or 
refractory type material. 

70 The number of tubes 80, the internal diameter 
90 (see Fig. 5) of the tubes 80, the size and 
number of the orifices 86 in each tube are selected 
relative to the gas input velocities and pressures 
through inlets 66 and 70 so as to produce turbulent 

75 flow within the tubes 80 at a velocity exceeding the 
flashback velocity of the mixture. The minimum 
distance 92 of the orifices 86 from the bottom end 
of the tube 80 at the opening into the diverging 
passageways 84 is selected to be equal to or 

20 greater than that required for providing substan- 
tially complete mixing of the gas streams from 
chambers 68 and 72 under the conditions of turbu- 
lence therein. The size of the internal diameter 90 
of the tubes 80 as well as the length 94 of the 

25 tubes is designed to produce a sufficient pressure 
drop in the gas passing from the chamber 68 to 
the reaction chamber so as to provide for substan- 
tially uniform gas flows through the tubes 80 from 
the chamber 68. Likewise the size of the orifices 86 

30 is selected to provide sufficient pressure drop be- 
tween the chamber 72 and the interior of the tubes 
80 relative to the velocity and pressures of the gas 
entering through inlets 70 so as to provide substan- 
tially uniform volumes of gas flows through the 

35 orifices 86 into the tubes 80. 

The minimum gas velocity within the tubes 80 
is selected in accordance with the type, tempera- 
ture and density of the gas being reacted. For a 
mixture of natural gas and air with substantially no 

40 hydrogen content at ambient temperature and 
pressure, a minimum velocity of 3 ft./sec (1m/sec) 
is suitable, but for higher inlet temperatures or 
pressures or a higher hydrogen content, the mini- 
mum velocity must be increased. Typical minimum 

45 velocities for mixtures of hydrocarbon gas and air 
at an inlet pressure of 400 psig (2750 KPa) and 
inlet temperatures of 500.C in partial oxidation re- 
actions are from 20 to 1 80 ft/sec (6 to 55 m/sec) or 
above. 

so The diverging passageways in the member 78 

are formed in a manner to provide for reduction of 
the velocity of the gas to produce uniform gas 
distribution over the inlet of the catalyst. The sides 
of the passageways in member 78 in the vertical 

55 plane cross-section, may be either straight or 
curved. The rate of increase of the horizontal 
cross-sectional area of the passageway 84 as it 
proceeds downward, i.e., the angle 98 that the wall 
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of the passageway 84 makes with the straight wall 
of the tubes 80, must generally be equal to or less 
than about 15* and preferably equal to or less than 
7* in order to minimize or avoid creating vortices 
within the passageways 84 which would promote 5 
production of flame in the passageway 80. The 
configuration of the bottom end of the passageway 
84, as shown in Fig. 4 is circular. In order to 
eliminate the area of metal 99 which would lead to 
vortex formation at the outlet of member 78, the w 
passageways 84 may be extended causing the ad 
acent passageways to converge until the area of 
metal 99 is reduced to a point. Fig. 6 illustrates a 
modification wherein passageways 102 are formed 
with hexagonal bottom openings. Various other 75 
cross-sectional bottom openings, such as rectangu- 
lar, triangular, etc. may be devised to provide sub- 
stantially uniform distribution of the gas mixture 
flow to the catalyst inlet. 

Some flame may occur in the passageway 84, 20 
particularly ad acent to the catalyst bed, but the 
oxidation reaction mainly occurs within the catalyst 
bed. It is possible to also have the gas inlet tem- 
peratures above the ignition temperature of the gas 
mixture; under these conditions the gas velocities 25 
in the tubes 80 are selected to produce a resi- 
dence time in the tubes 80 and passageways 84 
which is insufficient to produce complete reaction 
of the gas mixture. 

It has been found that if gases entering the 30 
diverging passageways 84 are not completely 
mixed prior to entering, the gases tend to remain 
unmixed while diverging and decreasing in velocity. 
However, within the elongated passageway sec- 
tions in the tubes 80 which have a uniform cross- 35 
section throughout their lengths, it is found that 
complete mixing of the gases occurs in the mini- 
mum distance 92 due to the high velocity turbulent 
flow. Additionally, the injection of the streams 
through orifices 86 transverse to the flow in the 40 
tubes 80 creates additional turbulence in streams 
progressing down the tubes to further enhance the 
mixing. 

In a variation shown in Fig. 7, the bottom of the 
chamber 72 is closed by a wall 106 instead of by 45 
the cast member 78. The tubes 80 extend through 
the wall 106 to which the tubes are sealed such as 
by welding. The lower ends of the tubes 80 pro- 
trude downward and are engaged in upper ends of 
the passageways 84 which have an upper portion 50 
contiguous and uniform in cross-section with the 
lumens of the tubes 80. Additionally, the member 
78 is open around the wall forming the passageway 
84 to thus reduce the weight and required amount 
of material forming the member 78. 55 

In a further modification illustrated in Figs. 8, 9 
and 10, the elongated uniform cross-section of the 
upper passageway sections joining to the chamber 
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68 is formed by slit-like passageways 124 between 
horizontal tubular members 120. The tubular mem- 
bers 120 are connected at opposite ends to an 
annular chamber 122 which receives the flow of the 
gas through inlets 70. Orifices 126, formed in hori- 
zontal rows communicate from the interior chamber 
127 of the tubular members 120 to the passage- 
ways 124. The vertical length 130, as well as the 
horizontal width 132 of the chambers 127 in the 
tubes 120 are selected to maintain uniform pres- 
sure throughout the horizontal length of the tubes 
120, and the number and the diameter 134 of the 
orifices 126 are selected to promote uniform flow of 
gas through the orifices so as to provide for sub- 
stantial pressure drop through the orifices 126 to 
promote uniform flow of gas from the tubes 120 
into the slit-like passageways 124. The width 136 
of the passageways 124 as well as the vertical 
dimension thereof are selected to produce a pres- 
sure drop from the upper chamber 68 so as to 
maintain uniform distribution across the entrances 
of the passageways 124 and thus provide uniform- 
ity of flow of gas through the passageways 124 
while permitting a velocity greater than the flash- 
back velocity of the gas mixture as well as a 
turbulent flow. The minimum distance 138 that the 
orifices 126 are above the lower end of the uniform 
cross-sectional portion of the passageways 124 is 
equal to or greater than that producing substantially 
complete mixing of the gas streams. Lower wedge 
shaped members 140 are mounted or integral with 
on the bottom edges of the tubes 120 for forming 
diverging lower sections 142 of the passageways 
so as to decrease the flow velocity and minimize or 
avoid gas eddies or spiral flow at the catalyst inlet. 
Passages 144, optional, are formed through the 
members 140 to carry a cooling liquid, such as 
water. 

In Fig. 11 is illustrated a modified tube 150 
which may replace the tubes 120. The modified 
tube 150 is formed to a point at its lower end to 
form the shape of the wedge members 140 of Fig. 
10 and thus eliminate the need for the wedge 
members 140. 

In an example of catalytic partial oxidation re- 
actor of the construction shown in Fig. 1 , there are 
included nine catalyst discs 54, each having a 
diameter of 30 inches (0.76 m) and a thickness of 6 
inches (0.15 m) for partially oxidizing a hydrocar- 
bon stream, e.g., natural gas containing 95% by 
volume methane with the balance including ethane, 
propane, nitrogen and carbon dioxide. The gas is 
mixed with steam and air to form a mixture contain- 
ing approximately 20% volume natural gas, ap- 
proximately 60% volume air and approximately 
20% volume steam. The steam is divided and 
introduced in both the natural gas and air streams 
prior to the inlets 66 and 70. The hydrocarbon gas 
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at a temperature of 550 *C. is supplied through 10 
inch (0.254 m) diameter inlet 66 at a pressure of 
400 psia (2760 KPa) and a velocity of 100 ft/sec 
(130 m/sec). The air stream at a temperature of 
550 *C. is supplied through two 8 inch (0.152 m) 
inlets 70 at a pressure of 430 psia (2960 KPa) and 
a velocity of approximately 110 ft/sec (34 m/sec). 
The diameter of the lower portion 76 of chamber 
72 is 27 inches (0.68 m) with the diameter of the 
upper portion 74 being 36 inches (0.91 m). There 
are 261 tubes 80 having 0.5 inch (12.7 mm) inter- 
nal diameter and having lengths of 20 inches (0.51 
m). Six orifices 86 of 0.125 inch (3.2 mm) diameter 
are formed in each tube 80 with four of the orifices 
evenly spaced around each tube at a distance of 4 
inches (0.102 m) above the lower end of the tube 
and with the remaining two orifices formed op- 
posite each other at a distance 6 inches (0.152 m) 
above the lower end of the tube. The bottom mem- 
ber 78 has a thickness of 5 inches (0.127 m) and 
the passageway sections 84 are conical with upper 
diameters of 0.5 inch (12.7 mm) and lower diam- 
eters of 1.75 inches (44.5 mm). Pressures within 
the chambers 68 and 72 are maintained at about 
essentially the inlet pressures. Gas velocity in the 
tubes 80 above the upper orifices is about 170 
ft/sec (52 m/sec) and between the lower orifices 
and the lower end of the tubes is about 350 ft/sec 
(107 m/sec). In the diverging passageways 84, the 
gas velocity decreases from 350 ft/sec (107 m/sec) 
at the upper end to 30 ft/sec (9 m/sec) at the lower 
end or entrance to the catalyst. 

The various dimensions set forth in the above 
example are designed for reaction of one specific 
hydrocarbon gas and air supplied at specific rates. 
It is noted that these dimensions and velocities will 
change for different hydrocarbon gases, oxygen or 
enriched air, different catalysts, and different sup- 
ply rates. 

Since many modifications, variations and 
changes in detail may be made to the above de- 
scribed embodiments, it is intended that all matter 
described in the foregoing description and shown 
in the accompanying drawings be interpreted as 
illustrative and not in a limiting sense. 

Claims 

1. A gas mixer and distributor for feeding a gas- 
eous reaction mixture to a reactor, the gas 
mixer and distributor having a first chamber 
(68) with a first inlet (66) for receiving a first 
gaseous reactant, a second chamber (72, 122) 
with a second inlet (70) for receiving a second 
gaseous reactant, said second chamber (72, 
122) being interposed between the first cham- 
ber (68) and an entrance of a reaction chamber 
(32); 
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enclosed walls (80, 120) forming a plurality 
of elongated passageways (94, 84, 124, 142) 
extending from the first chamber (68) through 
the second chamber to the reactor; 

5 each of said plurality of elongated pas- 

sageways including a first section (94, 130) of 
uniform cross-section communicating at a first 
end with the first chamber (68), and a second 
section of gradually increasing cross-section 

10 communicating between the second end of the 

first section and the reactor entrance; 

said cross-sections of first passageway 
sections being designed to provide turbulent 
gas flows therethrough at a velocity exceeding 

75 a flashback velocity of a mixture of the first 
and second gaseous reactants; 

a plurality of orifices (86, 126) in the en- 
closed walls and communicating between the 
second chamber (72, 120, 122) and the re- 

20 spective plurality of first passageway sections 

(94, 130) for passing streams of the second 
gaseous reactant into the first passageway 
sections; 

said orifices (86, 126) having sizes de- 
25 signed to provide uniform velocity of the sec- 

ond gaseous reactant into the first passageway 
sections; 

said orifices further being spaced (92, 138) 
from the second ends of the first passageway 
30 sections to insure substantially complete mix- 

ing of the first and second gaseous reactants 
within the first passageway sections prior to 
entering the second passageway sections 
(84,142); and 

35 said gradually increasing cross-section of 

the second passageway sections (84, 142) de- 
signed to decrease the flow velocity of the 
mixture of gaseous reactants and to distribute 
the flow of the mixture uniformly across reac- 

40 tion chamber. 

2. A gas mixer and distributor as claimed in claim 

1 characterized by the enclosed walls being 
formed by tubes (80) having upper ends 

45 mounted in an upper wall (75) of the second 

chamber and communicating with the first 
chamber (68). 

3. A gas mixer and distributor as claimed in claim 
50 2 characterized by the second section (84) of 

the passageways being formed through a 
member (78) forming the bottom wall of the 
second chamber (72). 

55 4. A gas mixer and distributor as claimed in claim 

2 characterized by the tubes (80) extending 
through and being secured in a bottom wall 
(106) of the second chamber, and a member 
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(78) being mounted below the second chamber 
and having the second sections (84) of the 
passageways formed therethrough. 

5. A gas mixer and distributor as claimed in claim 
1 characterized by the second chamber (122) 
including horizontal distributor (120) tubes 
which have vertically elongated cross-sections 
for forming the plurality of elongated passage- 
ways (124) therebetween, said elongated pas- 
sagesways being slit-like. 

6. A gas mixer and distributor as claimed in claim 
5 characterized by wedge-like members (140) 
mounted or integral with the lower edges of the 
horizontal tubular members for forming the 
second sections (142) of the passageways. 

7. A gas mixer and distributor as claimed in claim 
5 characterized by the lower edges of the 
horizontal tubular members (120) being formed 
with wedge-like configurations (140) to form 
the second sections (142) of the passageways. 

8. A gas mixer and distributor as claimed in claim 
1 characterized by passageways (144) for di- 
recting a cooling liquid flow in the mixer and 
distributor for cooling the mixer and distributor. 

9. A process for effecting partial oxidation of nat- 
ural gas by reaction with air, said natural gas 
having substantially no hydrogen content, 
which process comprises mixing of a first gas- 
eous reactant, which is one out of said natural 
gas and air, and a second gaseous reactant, 
which is the other out of said natural gas and 
air, at ambient temperature and pressure char- 
acterized in that it includes the step of mixing 
said first and second gaseous reactants in a 
gas mixer and distributor according to any one 
of claims 1 to 8, and that the gas velocity 
through the passageway "sections (84, 130) is 
at least 1 metre per second. 

10. A process for effecting partial oxidation of a 
hydrocarbon gas and air which comprises mix- 
ing a first gaseous reactant, which is one out of 
said hydrocarbon gas and air, and a second 
gaseous reactant, which the other out of said 
hydrocarbon gas and air, characterized in that 
it includes the step of mixing the first and 
second reactants at an inlet pressure of 400 
p.s.i.g. (2760 kPa) and an inlet temperature of 
500* C in a gas mixer and distributor according 
to any one of claims 1 to 8, and that the gas 
velocity through the passageway sections (94, 
130) is at least 6 metres per second. 
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11. A process according to claim 10. characterized 
in that the gas velocity through the passage 
sections (94, 130) is at least 55 metres per 
second. 

5 

Patentanspriiche 

1. Gasmischer und -verteiler fur die Zufuhrung 
eines gasformigen Reaktionsgemisches zu ei- 

10 nem Reaktor, mit einer ersten Kammer (68) mit 

einem ersten Eingang (66) ftir die Aufnahme 
eines ersten gasformigen Reaktionsmittels, ei- 
ner zwischen der ersten Kammer (68) und 
einem Eingang einer Reaktionskammer (32) 

75 angeordneten zweiten Kammer (72, 122) mit 

einem zweiten Eingang (70) fUr die Aufnahme 
eines zweiten gasformigen Reaktionsmittels, 

eingeschlossenen Wandungen (80, 120), 
die mehrere, sich von der ersten Kammer (68) 

20 durch die zweite Kammer zu dem Reaktor 

erstreckende, langliche Kanale (94, 84, 124, 
142) bilden, 

wobei jede der genannten Mehrzahl langli- 
cher Kanale einen ersten Abschnitt (94, 130) 

25 von gleichformigem Querschnitt, der an einem 

ersten Ende mit der ersten Kammer (68) in 
Verbindung steht, und einen zweiten Abschnitt 
von allmahlich zunehmendem Querschnitt urn- 
faj3t, der die Verbindung zwischen dem zwei- 

30 ten Ende des ersten Abschnitts und dem Re- 

aktoreingang herstellt, 

wobei die Querschnitte der ersten Kanal- 
abschnitte so ausgelegt sind, daJ3 turbulente 
Gasstromungen durch die Kanale einer Ge- 

35 schwindigkeit geschaffen werden, die die 

Flammenruckschlagsgeschwindigkeit eines 
Gemisches aus dem ersten und zweiten gas- 
formigen Reaktionsmittel ubersteigt, 

mehreren Mundungsoffnungen (86, 126) in 

40 den eingeschlossenen Wandungen zur Verbin- 

dung zwischen der zweiten Kammer (72, 120, 
122) und der betreffenden Mehrzahl der ersten 
Kanalabschnitte (94, 130) fur den Eintritt von 
Stromen des zweiten gasformigen Reaktions- 

45 mittels in die ersten Kanalabschnitte, 

wobei die Grofien der MUndungsoffnungen 
(86, 126) so ausgelegt sind, da/5 eine gleichfor- 
mige Geschwindigkeit des zweiten gasformi- 
gen Reaktionsmittels in die ersten Kanalab- 

so schnitte geschaffen wird, 

die Mundungsoffnungen ferner von den 
zweiten Enden der ersten Kanalabschnitte so 
auf Abstand (92, 138) gehalten sind, daB eine 
im wesentlichen vollstandige Mischung der er- 

55 sten und zweiten gasformigen Reaktionsmittel 

innerhalb der ersten Kanalabschnitte vor dem 
Eintritt in die zweiten Kanalabschnitte (84, 142) 
gewahrleistet ist, und 
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der genannte allmahlich wachsende Quer- 
schnitt der zweiten Kanalabschnitte (84, 142) 
so ausgelegt ist, daB die Strdmungsgeschwin- 
digkeit des Gemisches der gasformigen Reak- 
tionsmittel abnimmt und sich die Stromung 
des Gemisches gleichmaflig auf die Reaktions- 
kammern verteilt. 

2. Gasmischer und -verteiler nach Anspruch 1, 
dadurch gekennzeichnet, dafl die eingeschlos- 
senen Wandungen durch Rohre (80) gebildet 
sind, deren obere Enden in einer oberen Wan- 
dung (75) der zweiten Kammer angebracht 
sind und mit der ersten Kammer (68) in Ver- 
bindung stehen. 

3. Gasmischer und -verteiler nach Anspruch 1, 
dadurch gekennzeichnet, dafl der zweite Ab- 
schnitt (64) der Kanale durch ein den Boden 
der zweiten Kammer (72) bildendes Konstruk- 
tionsteil (78) gebildet ist. 

4. Gasmischer und -verteiler nach Anspruch 2, 
dadurch gekennzeichnet, dai3 sich die Rohre 
(80) durch einen Boden (106) der zweiten 
Kammer erstrecken und in ihm befestigt sind, 
und dafl unterhalb der zweiten Kammer ein 
Konstruktionsteil (78) angebracht ist und in ihm 
die hindurchgehenden zweiten Abschnitte (84) 
der Kanale ausgebildet sind. 

5. Gasmischer und -verteiler nach Anspruch 1, 
dadurch gekennzeichnet, dafl die zweite Kam- 
mer (122) horizontale Verteilerrohre (120) um- 
faflt, die in vertikaler Richtung langliche Quer- 
schnitte haben, urn zwischen sich die Mehrzahl 
der langlichen Kanale (124) zu bilden, wobei 
die genannten langlichen Kanale schlitzartig 
ausgebildet sind. 

6. Gasmischer und -verteiler nach Anspruch 5, 
dadurch gekennzeichnet, dafl zur Bildung der 
zweiten Abschnitte (142) der Kanale keilformi- 
ge Konstruktionsteile (140) an den Unterkanten 
der horizontalen rohrfdrmigen Teile angebracht 
oder einteilig mit diesen ausgebildet sind. 

7. Gasmischer und -verteiler nach Anspruch 5, 
dadurch gekennzeichnet, dafl zur Bildung der 
zweiten Abschnitte (142) der Kanale die Unter- 
kanten der horizontalen rohrfdrmigen Bauteile 
(120) mit keilformigen Ausformungen (140) 
versehen sind. 

8. Gasmischer und -verteiler nach Anspruch 1, 
gekennzeichnet durch KanSIe (144) fur die Lei- 
tung eines Kuhlflussigkeitsstroms durch den 
Mischer und Verteiler zwecks KGhlung dessel- 



ben. 

9. Verfahren fOr die partielle Oxidation von Erd- 
gas, das im wesentlichen keinen Wasserstoff 

5 enthalt, durch Umsetzung mit Luft, bei dem 

man ein erstes gasformiges Reaktionsmittel, 
das ein unter Erdgas und Luft ausgewahltes 
Reaktionsmittel ist, und ein zweites gasformi- 
ges Reaktionsmittel, das das andere unter Erd- 

w gas und Luft ausgewahlte Reaktionsmittel ist, 

bei Umgebungstemperatur und -druck mischt, 
dadurch gekennzeichnet, dafl das Verfahren 
die Stufe der Mischung des ersten und zweiten 
gasformigen Reaktionsmittels in einem Gasmi- 

75 scher und -verteiler nach einem der AnsprOche 

1 bis 8 umfaflt und da/3 die Gasgeschwindig- 
keit durch die Kanalabichnitte (84, 130) wenig- 
stens 1 Meter pro Sekunde betragt. 

20 10. Verfahren zur Durchfuhrung der partiellen Oxi- 
dation eines Kohlen wasserstoff gases mit Luft, 
bei dem man ein erstes gasformiges Reak- 
tionsmittel, das unter dem genannten Kohlen- 
wasserstoffgas und Luft ausgewahlt ist, und ein 

25 zweites gasformiges Reaktionsmittel, welches 

das andere unter Kohlenwasserstoffgas und 
Luft ausgewahlte Reaktionsmittel ist, mischt, 
dadurch gekennzeichnet, dafl das Verfahren 
die Stufe der Mischung des ersten und zweiten 

30 Reaktionsmittels bei einem Eingangsdruck von 

2760 kPa und einer Eingangstemperatur von 
500 °C in einem Gasmischer und -verteiler 
nach einem der Anspruche 1 bis 8 umfaflt, und 
dafl die Gasgeschwindigkeit in den Kanalab- 

35 schnitten (94, 130) wenigstens 6 Meter pro 

Sekunde betragt. 

11. Verfahren nach Anspruch 10, dadurch gekenn- 
zeichnet, da/3 die Gasgeschwindigkeit durch 
40 die Kanalabschnitte (94, 130) wenigstens 55 

Meter pro Sekunde betragt. 

Revendicatlons 

45 1. Melangeur-distributeur de gaz pour alimenter 
avec un melange de reaction gazeux un r£ac- 
teur, ledit melangeur-distributeur comprenant 
une premiere chambre (68) ayant une premie- 
re entree (66) pour recevoir un premier reac- 

50 tant gazeux, une seconde chambre (72, 122) 

comportant une seconde entree (70) pour re- 
cevoir un second r^actant gazeux, cette secon- 
de chambre (72, 172) etant situee entre la 
premiere chambre (68) et I'entree d'une cham- 

55 bre de reaction (32); 

des parois fermSes (80, 120) formant un 
certain nombre de passages ou de canaux 
allonges (94, 84, 124, 142) s Pendant de la 
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premiere chambre (68), k travers la seconde 
chambre, jusqu'au r£acteur; 

chacun desdits multiples passages in- 
cluant une premiere partie (94, 130), ayant une 
section uniforme, dont la premiere extr6mit§ s 
communique avec la premiere chambre (68), 
et une seconde partie, dont la section augmen- 
te graduellement, qui etablit une communica- 
tion entre la seconde extremity de la premiere 
partie et TentrSe du r£acteur; 10 

lesdites sections des premieres parties de 
passage etant congues pour produire un ecou- 
lement turbulent des courants gazeux qui les 
traversent & une vitesse sup^rieure & la vitesse 
de retour de flammes d'un melange des pre- 75 
miers et des seconds reactants gazeux; 

un certain nombre d'orifices (86, 126) per- 
ces dans lesdites parois et qui font communi- 
quer la seconde chambre (72, 120, 122) et les 
differentes parties des premiers passages (94, 20 
130) de maniere a faire passer des courants 
du second reactant gazeux dans les premieres 
parties de passage; 

les dimensions desdits orifices (86, 126) 
etant calculees pour produire une vitesse 25 
d'ecoulement uniforme du second reactant ga- 
zeux dans lesdites parties du premier passage; 

lesdits orifices etant, en outre, espacSs 
(92, 138) des secondes extremes des parties 
du premier passage de fagon & assurer une 30 
mixtion pratiquement complete du premier et 
du second reactants gazeux dans lesdites par- 
ties du second passage (84, 142); et 

lesdites parties du second passage (84, 
142) dont la section croft graduellement etant 35 
congues pour diminuer la vitesse d'ecoulement 
du melange de reactants gazeux et pour distri- 
buer le melange uniformement a travers la 
chambre de reaction. 

40 

2. Melangeur-distributeur selon la revendication 

1, caracterise en ce que les parois fermees 
sont formges par des tubes (80) dont les extre- 
mes superieures sont monies dans une pa- 

roi superieure (75) de la seconde chambre et 45 
qui communique avec la premiere chambre 
(68). 

3. Melangeur-distributeur selon la revendication 

2, caracterise en ce que la seconde partie (84) so 
des passages est form£e par un element (78) 
constituant la paroi de fond de la seconde 
chambre (72). 

4. Melangeur-distributeur selon la revendication 55 
2, caracterise en ce que les tubes (80) s*eten- 
dent h travers et sont fixes & la paroi de fond 
(106) de la seconde chambre, et en ce qu'un 



element (78) est monte sous la seconde cham- 
bre et comporte les secondes parties (84) des 
passages formes k travers elles. 

5. Melangeur-distributeur selon la revendication 
1, caracterise en ce que la seconde chambre 
(122) comporte un distributeur horizontal (120) 
dont les tubes presentent des sections vertica- 
lement allong€es formant un certain nombre 
de passages allonges (124) entre eux, lesdits 
passages allonges etant semblables h des fen- 
tes. 

6. Melangeur-distributeur selon la revendication 
5, caracterise par des elements cuneiformes 
(140) montes aux extremites interieures des 
elements tubulaires horizontaux ou en faisant 
partie integrante afin de former les secondes 
parties (142) des passages. 

7. Melangeur-distributeur selon la revendication 
5, caracterise en ce que les bords inferieurs 
des elements tubulaires (120) presentent des 
parties cuneiformes (140) qui forment les se- 
condes parties (142) des passages. 

8. Melangeur-distributeur selon la revendication 
1, caracterise en ce qu'il comprend des passa- 
ges (144) dans lesquels circule un courant de 
liquide de refroidissement destine & refroidir 
celui-ci. 

9. Procede pour effectuer une oxydation partielle 
d'un gaz naturel par reaction avec de I'air, ledit 
gaz ne contenant pratiquement pas d'hydroge- 
ne, procede qui consiste a meianger un pre- 
mier reactant gazeux, qui est Tun ou I'autre 
des deux precedents, et un second reactant 
gazeux, qui est celui des deux precedents qui 
reste, a la temperature et a la pression am- 
biantes, caracterise par une etape consistant & 
meianger lesdits premier et second reactants 
gazeux dans un melangeur-distributeur de gaz 
tel que specifie dans Tune quelconque des 
revendications 1 a 8, et en ce que la vitesse 
des gaz dans les parties (84, 130) des passa- 
ges est, au moins, un metre par seconde. 

10. Procede pour effectuer une oxydation partielle 
d'un hydrocarbure & retat gazeux et d'air qui 
consiste & meianger un premier reactant ga- 
zeux, dont Tun des deux est ledit hydrocarbure 
gazeux ou I'air, avec un second reactant ga- 
zeux, lequel est I'autre des deux reactants 
precedents, caracterise par une etape dans 
laquelle on melange lesdits premier et second 
reactants sous une pression d'entree de 60kPa 
et & une temperature d'entree de 500 * C dans 
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un m^langeur-distributeur tel que sp§cifi6 dans 
Tune quelconque des revendications 1 & 9, et 
en ce que la vitesse des gaz dans les parties 
(94, 130) des passages est d'au moins 6 me- 
tres par seconde. 5 

11. Proc6d§ selon la revendication 10, caract£ris§ 
en ce que la vitesse des gaz dans les parties 
(94, 130) des passages est d'au moins 55 
metres par seconde. w 
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